A model for ganglioside behaviour in cell membranes.
Gangliosides from beef brain have been spin-labeled using two different attaching groups and employed to investigate the physical nature of ganglioside behaviour in membranes. Results obtained using EPR spectroscopy indicate that, in phosphatidylcholine bilayers at physiological pH, ganglioside oligosaccharide chains are quite mobile and show a measurable tendency towards cooperative interaction amongst themselves. We suggest that the source of this interaction is the formation of H-bonds between sugar residues in adjacent ganglioside molecules. We present evidence that physiological (extracellular fluid) levels of Ca2+ and Mg2+ lead to cross-linking and condensing of ganglioside headgroups by complexing sialic acid carboxyl residues. Ganglioside headgroup interactions are not very sensitive to changes in the buffer ionic strength, suggesting that ionic interactions are of minor importance. We have found no measurable tendency for headgroup carbohydrate to penetrate hydrophobic regions of lipid bilayers. EPR spectroscopy was also used to follow the interaction of spin-labeled gangliosides with the glycoprotein, glycophorin, and with intact BHK cells. We suggest that these carbohydrate-based interactions should contribute significantly to the properties of the eucaryotic cell glycocalyx. We predict that laterally mobile carbohydrate-bearing components of cell surface will show a tendency to cluster about complex glycoprotein arrays, especially if the species involved bear accessible carboxylic acid functions.